In this study, the authors present a systematic screen to characterise the mechanisms that discriminate between secretion of recombinant proteins with extensive sequence homology. A protein engineering approach was employed enhanced the production of 'difficult to express' proteins from the tissue inhibitor of metalloproteinase (TIMP) family. The addition of a furin-cleavable pro-sequence resulted in successful secretion of non-secreted (TIMP-3) and poorly secreted (TIMP-4) targets and presents a novel strategy to increase the production of 'difficult' recombinant targets. 
Introduction
For the production of recombinant proteins (for either research or drug discovery pipelines) the use of mammalian expression systems has increased significantly. Mammalian expression systems have specific advantages over other expression systems in that they can perform the post-translational modifications required for appropriate function of mammalian proteins. Chinese Hamster Ovary (CHO) cells are currently widely used for the production of recombinant proteins (Walsh, 2014) . Of the total biopharmaceuticals approved between 2010-2014, 33% (54 products) were produced in CHO expression systems (Walsh, 2014) . To address this rising need, transient mammalian expression systems have been developed that allow rapid generation of high recombinant protein titres for research purposes (Cain et al., 2013 , Daramola et al., 2014 .
Large scale production of recombinant proteins in mammalian cells can be influenced by many potentially limiting steps or 'bottlenecks' along the protein expression pathway (Hussain et al., 2014 ).
Many mammalian cell-derived recombinant proteins are produced as secreted targets, a feature associated with the natural pathway of post-translational processing. The balance between the different processes, associated factors and protein quality control mechanisms all affect the rate at which proteins transit through the protein expression pathway and are secreted from the cell (Hussain et al., 2014) . Due to the complexity of mammalian expression systems, limitations may give rise to unpredictability in the production of certain recombinant proteins. So called 'difficult-to-express' recombinant proteins lead to lack of process robustness and inability to generate sufficient quantities.
Several examples have been published of limitations in recombinant protein production, mainly of monoclonal antibodies (mAbs) (Barnes et al., 2004 , Johari et al., 2015 , Mason et al., 2012 , Pybus et al., 2014b , Stoops et al., 2012 . Other studies have identified that certain molecular features within mAb sequences may be responsible for differences in production (Pybus et al., 2014b) . In addition, certain sequences are predisposed to form intracellular aggregates (e.g. Russell bodies) under certain host cell conditions (Stoops et al., 2012) . As a result, a range of different engineering strategies has been employed to overcome these 'bottlenecks' and increase protein production.
Attempts to improve the overall capacity of cells to express greater amounts of secreted recombinant proteins have involved host cell engineering targeted at endoplasmic reticulum (ER) chaperones Chung et al., 2004 , Dorner et al., 1989 , Johari et al., 2015 , protein disulphide isomerases (Borth et al., 2005, Mohan and Lee, 2010) as well as unfolded protein response mediators (Becker et al., 2010 , Cain et al., 2013 , Haredy et al., 2013 , Ku et al., 2008 , Ku et al., 2010 , Omasa et al., 2008 , Tigges and Fussenegger, 2006 . Other sites of engineering have included overexpression of machinery related to the import of nascent polypeptide chains into the ER (Le Fourn et al., 2014) and vesicular transport components (Peng and Fussenegger, 2009 , Peng et al., 2010 , Peng et al., 2011 . Alternative approaches have sought to enhance secretory capacity by increasing the ratio of light chain to heavy chain genes for mAb production (Pybus et al., 2014a , Pybus et al., 2014b , use of hypothermic conditions (Ahn et al., 2008 , Jenkins and Hovey, 1993 , Kantardjieff et al., 2010 , Kaufmann et al., 1999 or the addition of chemical chaperones to cell cultures (Johari et al., 2015 , Roth et al., 2012 .
Synthetic signal peptides and leader sequences have been used extensively in yeast expression systems to enhance heterogeneous protein production (Brake et al., 1984 , Heiss et al., 2015 , Hou et al., 2012 , Rakestraw et al., 2009 ). Use of the yeast mutant alpha mating factor 1 leader peptide (MFα1pp) in mammalian cells (rat pituitary-derived cell line) resulted in efficient ER-Golgi translocation of a neuropeptide (somatostatin), but led to inefficient processing and intracellular accumulation during later stages of the secretory pathway (Lee et al., 2002) .
Although different studies have shown some degree of overlap in terms of localisation of the limiting steps identified, it is difficult to compare studies and their interpretations directly as each involves the expression of different proteins within distinct mammalian cell lines. Engineering strategies employed may have a protein-specific effect and pursuance of protein-specific host cell engineering would be very laborious for large-scale production of extended panels of recombinant proteins. Fundamental understanding of the molecular mechanisms that restrict recombinant protein production would offer universal strategies to overcome this challenge.
In this study, members of the tissue inhibitor of metalloproteinase (TIMP) protein family, specifically TIMP-2 and TIMP-3, were selected as model proteins to define molecular determinants of the extent of recombinant protein production. TIMPs are highly disulphide-bonded, low molecular weight proteins that share significant sequence (~50% identity and ~70% similarity in amino acid sequence) and structural homology (Brew et al., 2000 , Douglas et al., 1997 , Melendez-Zajgla et al., 2008 . However, past studies in mammalian expression systems have shown that these TIMPs exhibit large differences in their production (unpublished data). Here we define a step-by-step screen to define the limiting steps in the protein expression pathway in a transient CHO expression system. From this approach, we have developed a protein engineering strategy that enables production of the very poorly expressed TIMP-3, and successfully applied to another 'difficult-to-express' target and member of the TIMP protein family (poorly secreted TIMP-4). Together the data suggested the application of such a protein engineering approach, may have generic implications towards the enhanced production of 'difficult-to-express' recombinant proteins.
Materials and Methods

Constructs
All gene inserts were synthesised, codon-optimised for CHO expression and cloned into pDEST12.2- et al., 2015) . Rat tissue inhibitor of metalloproteinase-2 (TIMP-2, 654bp), TIMP-3 (636bp) and TIMP-4 (660bp) all carry a CD33 signal peptide and C-terminal 6xHis tag (Figure 1 ).
Further, a separate set of constructs were synthesised where TIMP-3 and TIMP-4 sequences were modified to include a 103 amino acid, furin-cleavable (fc) pro-sequence, generating fcTIMP-3 and fcTIMP-4 respectively. In addition, the fcTIMP-4 construct contained a short linker (Glycine-Serine, GS) between the pro-sequence and the TIMP-4 sequence. The furin-cleavable pro-sequence was taken from nerve growth factor of mouse origin (amino acid sequence: EPYTDSNVPEGDSVPEAHWTKLQHSLDTALRRARSAPTAPIAARVTGQTRNITVDPRLFKKRRLHSP RVLFSTQPPPTSSDTLDLDFQAHGTIPFNRTHRSKR) (Selby et al., 1987 , Suter et al., 1991 , Seidah et al., 1996 . Human furin was cloned into pDEST12.2-OriP for co-expression analyses. All DNA solutions were prepared under sterile conditions at 1mg/ml in TE buffer (10mM Tris, pH 8.0, 1mM EDTA).
Transient expression in mammalian expression systems
HEK293-6E cells (National Research Council, Biotechnological Research Institute, Montreal, Canada) were routinely passaged and maintained between 0.2-2.5×10 6 cells/ml in F17 medium (Life medium. Cell density and viability were monitored daily. Aliquots of culture medium were removed at the end of the culture period and harvested/clarified by centrifugation (2500 x g, 15min, 4˚C). Culture supernatants were isolated and stored at -80˚C.
Transient expression in Chinese Hamster Ovary (CHO) cells
CHO-EBNA-GS cells (Daramola et al., 2014) were routinely passaged as described by Abbott et al., (2015) . Protein expression of DNA constructs was adapted from the methodology described by Abbott et al., (2015) . CHO-EBNA-GS cells were seeded at 5×10 5 cells/ml in CD CHO medium (Life Technologies TM ) 24 h prior to transfection. Cultures were incubated at 37˚C, 5% CO 2 , 140rpm in an orbital incubator (25mm oribit). Cells were transfected at 1-1.2×10 6 cells/ml with 0.5µg/ml DNA and 7µg/ml 40,000kDa PEI Max (Polysciences). 24 h post-transfection the cultures were fed with 0.5% (v/v) Tryptone N1 (Organotechnie) in CD CHO medium. For hypothermic growth assessment, on day 3 post-transfection, CHO-EBNA-GS cultures were incubated at 30˚C, 5% CO 2 , 140rpm in an orbital incubator (25mm orbit).
The cell density and viability were monitored daily for transfected cultures. At specific time points, samples were removed and harvested/clarified by centrifugation (10,000 × g, 30 mins, 4˚C). Cell pellets and culture supernatant were isolated and stored at -80˚C.
Hypothermic grow th conditions
For hypothermic growth assessment, on day 3 post-transfection, CHO-EBNA-GS cultures were incubated at 30˚C, 5% CO 2 , 140rpm in an orbital incubator (25mm orbit). Cell density and viability were monitored daily. At specific time points, samples were removed and harvested/clarified by centrifugation (10,000 × g, 30 mins, 4˚C). Cell pellets and culture supernatant were isolated and stored at -80˚C. 
Protein purification
Proteins were purified using the 6×His tag from culture supernatant samples using a PhyNexus MEA workstation as described by Abbott et al., (2015) . Non-purified (crude) and purified samples were analysed using non-reducing SDS-PAGE.
Messenger RNA (mRNA) analysis
All solutions for analysis of mRNA were prepared in RNase-and DNase-free water. CHO-EBNA-GS cells (1×10 7 cells) were harvested by centrifugation (500 × g, 10 mins) on days 3, 5 and 6 posttransfection for RNA isolation. The cell pellet was lysed in 1ml Trizol ® reagent and processed according to the manufacturer's instructions. The nucleic acid concentration and purity was determined using a Nanodrop ® ND-1000 UV-Vis spectrophotometer. Genomic DNA was removed with DNase 1 (New England Biolabs ® Inc.) digestion. The resulting RNA was converted to complementary DNA (cDNA) in a total reaction volume of 60µl using Tetro cDNA synthesis kit (Bioline) as per the manufacturer's instructions using a TC-3000 Thermal Cycler (Techne). (Table I) .
RT-PCR reactions were carried out in a total volume of 50µl using a BIOTAQ™ DNA polymerase kit (Bioline) as per the manufacturer's instructions with 1pmol of each primer and 1µl cDNA. The TC 3000 X thermal cycler programme was as follows; 94°C 5 mins, then 27 cycles of 94°C 30 secs, annealing temperature at (Ta, Table I ) for 30 secs, 72°C 30 secs then 72°C for 10 mins. The β-2-microglobulin (B2M) housekeeping gene was used as a positive control. PCR products were resolved on a 2% (w/v) or 3% (w/v) agarose gel.
cDNA was quantified using the SensiFast™ SYBR® probe Hi-ROX kit (Bioline) with 5µl diluted cDNA
(1:10) or water (non-template control) using the StepOnePlus™ Real-Time PCR system. The following qRT-PCR programme was run, 95°C 2 mins, then 40 cycles of 95°C 5 secs, Ta (Table I) for 10 secs and 72°C 20 secs. A melting curve was generated to check the quality of the PCR products.
The cycle number at which samples reached the threshold (Ct value) was determined. A 5-point treatment were processed according to the manufacturer's instructions. Glycoproteins were denatured by combining 2.5µl of glycoprotein denaturing buffer (10×) with 22.5µl lysate and incubated for 10 mins at 100°C. 3µl of G5 reaction buffer (10×), 1µl Endoglycosidase H (500 units/µl) and water were added to make a total reaction volume of 30µl. The reaction was incubated for 1 h at 37°C. Samples were subsequently mixed with 2× sample buffer and analysed by western blot.
Results and Discussion
Preliminary characterisation identifies differences in recombinant TIMP protein production
The CHO-EBNA-GS cell line has previously been shown to offer a rapid and high yielding transient expression system (Abbott et al., 2015 , Daramola et al., 2014 . We have used this expression system to understand the molecular mechanisms responsible for specific poor recombinant protein production. Initially, two TIMP proteins that had previously been shown to display two extremes in their production (TIMP-2 and TIMP-3) were subject to detailed analysis in the CHO-EBNA-GS cell line. TIMP-2 was secreted well, whereas TIMP-3 was undetectable in the extracellular medium ( Figure S1a ). When placed under hypothermic growth conditions (30°C), a situation known to enhance production of specific proteins (Ahn et al., 2008 , Kantardjieff et al., 2010 , TIMP-2 was 'Difficult to Express' Recombinant Proteins secreted in greater amounts than at 37°C, whereas TIMP-3 was undetectable in the medium at either culture temperature. TIMP-3 was undetectable in either crude or purified culture medium samples. For both proteins, higher molecular weight species were detectable in the medium, possibly host cell proteins co-purifying during protein purification. An additional higher molecular weight species (∼42kDa) was observed in TIMP-2 transfected samples, predicted to be a dimeric form of TIMP-2.
Other studies have also reported the presence of TIMP-2 in a dimeric form (Berthier et al., 2006 , Zucker et al., 1998 ). An increase in cell productivity in response to hypothermia has been attributed to several processes, such as an increase in secretory pathway components (Kantardjieff et al., 2010) .
This increase in cell productivity was reflected by the increase in secreted TIMP-2 protein observed under hypothermic conditions. However, as TIMP-3 was not detectable in the medium we proposed the limitation in TIMP-3 production was independent of the cellular processes affected by shifting to a lower temperature.
The difference in production of TIMP-2 and TIMP-3 observed in the CHO expression system, was also observed with the HEK293-6E cell line ( Figure S1b ). TIMP-2 was detectable in the culture medium mainly in its monomeric form, with the presence of an additional higher molecular weight species. Therefore, we concluded this difference in production between both TIMP proteins was independent of the host cell type.
Differences in TIMP protein production are not due to effects on cell grow th
To examine the consequence of recombinant protein "load" on cell growth, both TIMP-2 and TIMP-3 were transiently transfected in the CHO-EBNA-GS cell line. Cells transfected with enhanced GFP (eGFP) were used as a control to compare cell growth. For all vectors, transfection resulted in growth arrest and a drop in cell viability 24 h post-transfection ( Figure 2 ). It is known that PEI can be cytotoxic to cells (Boeckle et al., 2004 ) and a similar initial drop in viability has been reported for other PEIbased transfections (Backliwal et al., 2008 , Codamo et al., 2011 , Mozley et al., 2014 , Xie et al., 2013 .
Upon the addition of feed (Tryptone N1) 24 h post-transfection, the cells began to grow and viability recovered, an effect in keeping with reports of others on cell growth and recombinant protein production (Pham et al., 2005) . A similar cell growth profile was observed for control (eGFP), TIMP-2 
mRN A amount does not limit TIMP-3 protein production
Following preliminary characterisation of protein production, we examined processes at specific points along the protein expression pathway. Semi-quantitative RT-PCR analysis of TIMP-2 and TIMP-3
showed that mRNA was present for both proteins throughout the culture period ( Figure 3a ) and this observation was confirmed by quantitative RT-PCR analysis (Figure 3b) . Little difference was seen between the amount of mRNA for TIMP-2 and TIMP-3. The results suggested that the amount of mRNA was not a limiting factor for the expression of TIMP-3 and the rate-limiting step lay downstream of transcription.
Intracellular protein localisation studies reveals that post-translational processing of TIMP-3 may be limiting
Next the presence and nature of intracellular and secreted protein was evaluated. For greater sensitivity in detection, proteins were detected using a specific 6×His tag antibody for western blot analysis ( Figure 4 ). Under reducing conditions of gel electrophoresis, TIMP-2 (~21kDa) was secreted in increasing amounts during progression of culture whereas a relatively constant amount (per cell) of intracellular TIMP-2 monomer was present throughout the culture period ( Figure 4a ). In addition, intracellular samples showed a 42kDa species (predicted to be a TIMP-2 dimer) plus an additional higher molecular weight species (~58kDa). The ~58kDa species was also detectable in intracellular extracts from non-transfected controls, suggesting this was an immunological cross-reaction of a nonspecific intracellular host cell protein.
Under non-reducing conditions of gel electrophoresis, multiple forms of secreted TIMP-2 were detected ( Figure S2a ), TIMP-2 monomer (~21kDa), and predicted multimeric forms of TIMP-2 (~42kDa and ~60kDa). These results were consistent with data from the preliminary characterisation of secreted protein using non-reducing SDS-PAGE ( Figure S1 ). In comparison, TIMP-3 was not detectable in medium samples but could be detected in intracellular samples, where immunoblotting identifies two species (~21kDa, the expected non-glycosylated form and ~23kDa, the expected glycosylated form) (Figure 4b ) (Apte et al., 1995) . As observed with TIMP-2, an intracellular high molecular weight species at ~42kDa was detected upon immunoblotting.
Similarly, under non-reducing gel electrophoresis conditions this higher molecular weight species was consistently observed ( Figure S2b ). This high molecular weight species could correspond to highly stable TIMP dimers, or cross-linkage to an unknown protein of similar size.
As both TIMPs were expressed intracellularly but only TIMP-2 was secreted, the intracellular protein localisation was analysed. Protein localisation of TIMP-transfected cells was analysed via cellular fractionation with immunoblotting.
Cellular fractionation of TIMP-transfected cells separated the cell into four distinct fractions, cytosol, membranes (organellar), nuclear and cytoskeleton. Non-transfected cells were used as a negative control. Samples were taken for western blot analysis using an anti-6×His antibody ( Figure 5 ). The efficiency of fractionation was determined using fraction-specific marker proteins ( Figure S3 ). A good separation between the fractions was observed with little cross-contamination. TIMP-2 and TIMP-3 proteins exhibited a similar profile, being localised to the membrane/organellar and the cytoskeleton fractions (Figure 5b, c) . TIMP-3 localised to these fractions was detected mainly as the higher molecular weight glycosylated form (Figure 5c ). The presence of TIMP-3 in its glycosylated form indicated that this protein species had undergone some degree of post-translational processing, suggesting that TIMP-3 secretion was limited at specific, but not the earliest, steps in organelle transportation within the protein expression pathway. Medzihradszky, 2005) . Intracellular TIMP-3 was sensitive to both PNGase F and Endo H (Figure 6b ).
Glycosidase treatment of
These data suggest the presence of high mannose/hybrid sugars on TIMP-3 that have not undergone the full extent of processing in the Golgi. Potentially, the intracellular material for TIMP-3 may be targeted for degradation.
To test whether this ER retention was due to a limitation in specific glycosylation steps, a glycan knockout of TIMP-3 (asparagine at position 184 to alanine mutation) was generated and the intracellular and secreted protein were characterised by western blot (Figure 6c ). Knocking out the single glycan site on TIMP-3 did not result in successful production of TIMP-3 in the extracellular medium. This observation was confirmed with western blot analyses using a primary antibody specific for TIMP-3 (data not shown). As a result, the limitation could be refined to either aberrant TIMP-3 folding causing ER retention or a block in ER to Golgi vesicular transport.
Protein engineering of TIMP-3 to overcome the block in post-translational processing results in the secretion of a modified TIMP-3 species
To overcome the predicted post-translational limitation, the TIMP-3 vector was modified to create a fusion protein that included a short pro-sequence from a secretory growth factor (Selby et al., 1987 , Suter et al., 1991 , Seidah et al., 1996 that contains native cleavage sites for the protease furin (Figure 7a ). Many proteins targeted for secretion contain pro-sequences that undergo proteolytic cleavage by proteases such as furin to create mature proteins (Schafer et al., 1995 , Shapiro et al., 1997 . As furin localises mainly to the trans-Golgi network (Schafer et al., 1995 , Takahashi et al., 1995 , we hypothesised that the attachment of a furin-cleavable pro-sequence would 'pull' the protein through the protein expression pathway to the trans-Golgi. Alternatively, the pro-sequence may act to promote correct protein folding or mask unfavourable sequence/structural attributes resulting in efficient processing. Consequently, this would offer the potential to overcome a limitation in transition The presence of intracellular and secreted protein in furin-cleavable TIMP-3 (fcTIMP-3) in transfected CHO-EBNA-GS cultures was evaluated by western blot (Figure 7b) . Immunoblotting with the 6xHis tag detection antibody, TIMP-3 was detected in the culture medium as two higher than expected molecular weight species of ~40kDa and ~50kDa, predicted to be un-cleaved or partially cleaved fcTIMP-3 intermediates. The results showed that these species were fully processed N-glycosylated secreted forms of fcTIMP-3 due to their sensitivity to PNGase F and resistance to Endo H cleavage (Figure 7c) . The large decrease in molecular weight following PNGase F treatment confirmed the likely presence of multiple N-glycan sites. An intracellular fcTIMP-3 species was detected at ~46kDa, which was sensitive to both glycosidases suggesting it was of an immature form yet to complete processing.
Initially, the incomplete processing of fcTIMP-3 was attributed to low amounts of endogenous furin reported in CHO cells (Doolan et al., 2008 , Shapiro et al., 1997 . However, co-expression of furin and fcTIMP-3 (1:1 DNA ratio) failed to increase processing of fcTIMP-3 intermediates. Instead there was little intracellular protein and no secreted TIMP-3 in cell extracts and the culture medium respectively (data not shown). It has been suggested that although furin mainly localises to the trans-Golgi (Schafer et al., 1995 , Shapiro et al., 1997 , it has the ability to move between the trans-Golgi, ER, endosomes and cell surface, cleaving different substrates in each compartment (Bass et al., 2000 , Bosshart et al., 1994 , Chia et al., 2011 , Han et al., 2008 , Molloy et al., 1994 , Schafer et al., 1995 , Takahashi et al., 1995 , Thomas, 2002 . Therefore, the overexpression of furin may result in its colocalisation with TIMP-3 and lead to subsequent degradation. An alternative hypothesis (rather than low amounts of furin) is that the observed incomplete processing of fcTIMP-3 may result from restricted access to the furin cleavage site (site 2) within the pro-sequence, due to the adjacency of an N-glycan site (Figure 7a ). Peptide mapping by mass spectroscopy techniques could potentially confirm non-or partial cleavage of the pro-sequence. Overall, despite improper processing of fcTIMP-3, use of the furin-cleavable pro-sequence resulted in the secretion of a TIMP-3 species in the culture medium, an outcome that would make possible harvest of an otherwise un-harvestable product. The applicability of the protein engineering strategy was tested on another 'difficult to express' target.
Previous characterisation of TIMP-4, another member of the TIMP protein family, showed that TIMP-4 was poorly secreted into the extracellular medium ( Figure S4a, b) . TIMP-4 was observed to accumulate within cells in large amounts compared to TIMP-2 and TIMP-3 ( Figure S4c ) and showed evidence of protein degradation ( Figure S4b ), which suggested it was limited in post-translational processing. The DNA construct for TIMP-4 was modified to include the furin-cleavable pro-sequence (fcTIMP-4). Further, based on the fcTIMP-3 data, the construct was modified to include a short linker (GS) between the pro-sequence and the TIMP-4 sequence to enhance accessibility to the second furin-cleavage site (site 2).
CHO-EBNA-GS cultures were transfected with fcTIMP-4 and the intracellular and secreted protein
were analysed by western blot and SDS-PAGE (Figure 8 and Figure S5 respectively). In the culture medium, TIMP-4 monomer (~25kDa) was detected in significantly increasing amounts as the culture progressed ( Figure 8a , c, P value <0.0001) and comparable to the well-secreted TIMP-2 ( Figure S5a ).
In addition, the amount of secreted fcTIMP-4 was significantly greater than that of the un-modified TIMP-4 control (culture medium sampled on day 6, P value < 0.0001) (Figure 8c and Figure S5b ).
Higher molecular weight species between ~32kDa-50kDa were also detected in the medium (predicted to be incompletely cleaved intermediates of fcTIMP-4). The presence of these higher molecular weight species was diminished upon co-expression of furin with fcTIMP-4 ( Figure 8b ).
Whilst significantly decreased amounts of TIMP-4 (P value < 0.0001) were detectable in the culture medium after furin co-expression (Figure 8c ), this contrasted with the situation observed with fcTIMP-3, where expression of furin prevented secretion of fcTIMP-3 without the linker sequence.
Under conditions with and without furin co-expression, little monomeric fcTIMP-4 protein was detectable in cell extracts (Figure 8d ). In comparison, the amount of non-modified TIMP-4 protein (sampled on day 6) was significantly higher than fcTIMP-4 in cell extracts (Figure 8e) . Use of the fcTIMP-4 format resulted in successful secretion, with little protein retained in cell extracts. Potentially, addition of the linker to fcTIMP-3 may result in efficient processing as observed with fcTIMP-4. (Brake et al., 1984 , Heiss et al., 2015 , Hou et al., 2012 , Rakestraw et al., 2009 ). Use of the yeast mutant alpha mating factor 1 leader peptide (MFα1pp) in mammalian cells (rat pituitary-derived cell line) resulted in efficient ER-Golgi translocation of a neuropeptide (somatostatin), but led to inefficient processing and intracellular accumulation during later stages of the secretory pathway (Lee et al., 2002) . Use of the furincleavable pro-sequence as described in this study, has not been previously reported as a strategy to increase the expression of 'difficult to express' recombinant proteins in mammalian cells.
Summary and Outlook
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